Conducting filaments of polyaniline have been prepared in the 3-nanometer-wide hexagonal channel system of the aluminosilicate MCM-41. Adsorption of aniline vapor into the dehydrated host, followed by reaction with peroxydisulfate, leads to encapsulated polyaniline filaments. Spectroscopic data show that the filaments are in the protonated emeraldine salt form, and chromatography indicates chain lengths of several hundred aniline rings. The filaments have significant conductivity while encapsulated in the channels, as measured by microwave absorption at 2.6 gigahertz. We have demonstrated previously the encapsulation of several different conjugated polymers such as polypyrrole and pyrolyzed polyacrylonitrile in the well-defined channels of zeolite molecular sieves (7-10). The template synthesis of conducting polymers in the much larger, random pores (about 0.1 to 1 pm) of insulating host membranes has also been described (11). Networks of poly(3-methylthiophene) dendrites have been grown between electrodes (12). We have now achieved the stabilization of conducting polyaniline filaments in the ordered, 3-nm-wide hexagonal channels of the mesoporous aluminosilicate host (13, 14) MCM-41. We were able to demonstrate the ac conductivity of such encapsulated filaments of nanometer dimensions.
Efforts to create electronic functions and devices based on molecules instead of bulk semiconductors are inspired by the anticipated enormous increase in computing speed and storage density (1, 2) . Previous studies have shown that conjugated systems with appropriate end groups (3) (4) (5) and confined aromatic systems (6) can transfer excitations upon photon absorption or after reduction or oxidation. A major challenge is to achieve charge transfer with low fields as in metallic wires and to establish communication with individual, electrically separated nanometer structures or molecules.
We have demonstrated previously the encapsulation of several different conjugated polymers such as polypyrrole and pyrolyzed polyacrylonitrile in the well-defined channels of zeolite molecular sieves (7) (8) (9) (10) . The template synthesis of conducting polymers in the much larger, random pores (about 0.1 to 1 pm) of insulating host membranes has also been described (11) . Networks of poly(3-methylthiophene) dendrites have been grown between electrodes (12) . We have now achieved the stabilization of conducting polyaniline filaments in the ordered, 3-nm-wide hexagonal channels of the mesoporous aluminosilicate host (13, 14) MCM-41. We were able to demonstrate the ac conductivity of such encapsulated filaments of nanometer dimensions.
A distinctive feature of polyaniline among the conducting polymers is that its conductivity is not only controlled by the degree of chain oxidation but also by the level of protonation in {l (-B-NH-B-NH-)y (-B-N=Q=N-)1-yl (HA)Q,, (15, 16 (17) . After a thorough washing with water, the materials were dried under vacuum. A typical polymer loading was 0.28 g per 1.00 g of MCM host.
Electron micrographs of the MCM host before and after polyaniline encapsulation show the characteristic hexagonal channel pattern (unit cell size, 4.0 nm) in both cases (Fig. 2) . The similarity of the ring and C-H bending modes between PANI-loaded host (PANI-MCM) and emeraldine salt, seen in their Raman spectra (Fig. 3) umminnuminnmum immi---------.. .-.. ;-----ity probed with nitrogen sorption. The general similarity of the unusual isotherm shapes suggests that a tubular structure is even maintained in the polyaniline-loaded host, but the shift of the saturation transition to lower partial pressure shows that the channels are now narrowed. The polymer morphology consistent with the sorption data is that of about a monolayer of PANI covering the walls of the MCM host. Given the structural data for model compounds of polyemeraldine salt (23), a geometric calculation shows that about 20 aligned polyaniline chains could fit in the 3-nm MCM channels if the latter were completely filled. Thermogravimetric analysis in oxygen (100 ml/min, heating at 5YC/min) indicates drastic changes in pyrolysis rate when the polymer is encapsulated. Whereas bulk emeraldine salt decomposes rapidly between 3000 and 400C, pyrolysis of the encapsulated polymer proceeds more slowly over a much greater temperature range (350°to 6000C). This difference indicates diffusional constraints in the channel system. The above results show that polyaniline was synthesized within the channels of the MCM host.
Detailed studies of bulk emeraldine salt led to the model of a granular metal where charge hopping in amorphous regions between metallic bundles dominates the macroscopic conductivity (24, 25) . How does the polymer behave when it is encapsulated in nanometer channels? The dc conductivity of PANI-MCM is in the 10-8 S/cm range, similar to the conductivity of unloaded MCM host under ambient conditions and more than seven orders of magnitude lower than that for bulk PANI. When the polymer is extracted, the dc conductivity is 10-2 S/cm, a striking difference resulting from the removal of the separating MCM channel walls. This result confirms that the polyaniline is located inside the MCM channels and that no percolating conducting paths develop on the external crystal surfaces. To probe the charge transport of PANI filaments in the insulating MCM host, we used the contactless microwave absorption technique (26) . The microwave conductivity of evacuated PANI-MCM (27) obtained from the perturbation of a rectangular cavity at 2.63 GHz is 0.0014 S/cm, one-fourth that of evacuated bulk PANI (0.0057 S/cm), after correction for the volume fraction of the polymer in the host. As synthesized, bulk polyaniline has a microwave conductivity of 0.018 S/cm and a dc conductivity of 0.2 S/cm. The significant low-field conductivity of the polymer filaments demonstrates that conjugated polymers can be encapsulated in nanometer channels and still support mobile charge carriers. In a previous study, we established that oxidized polypyrrole chains in the channels of zeolite Y and mordenite (0.7-nm channels) do not exhibit significant ac conductivity up to 1 GHz (28). The charge carriers are trapped in those systems, probably because of electrostatic interactions with the channel walls and the lack of interchain contacts. In contrast, the channels in the MCM host provide more space and allow some important interchain contact to occur. (3) . Upward transport through Cb clouds takes about 0.5 to 1 hour, whereas the mesoscale subsidence takes about 10 to 50 hours over a proportionally larger area (4). Although thunderstorms constitute a major force in the convective overturning of the troposphere, especially in the tropics, synoptic disturbances such as extratropical cyclones also cause rapid vertical mixing; vertical velocities in these systems are highest in the region of organized convection ahead of the frontal zone (5). Deep convective motions play an important role in the vertical redistribution of trace gases (6 
